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Available online 3 March 2016AbstractPurpose: To investigate the correlations of pulmonary high-resolution computed tomography (HRCT) findings and their distribution with the
peripheral blood immunological parameters of swine-origin influenza A (H1N1) infection.
Materials and methods: 173 patients with H1N1 influenza infection underwent HRCT. CD4þ and CD8þ lymphocyte counts and C-reactive
protein (CRP) levels in the peripheral blood were measured on the day of admission. According to the predominant HRCT findings, we created
three groups: Group A ¼ normal attenuation, Group B ¼ ground-glass opacity (GGO), Group C ¼ consolidation with or without GGO. We
classified the extent of lung lesions into five groups as follows: Group 1 ¼ CT score of 0; Group 2 ¼ CT score of 0.01e0.25; Group 3 ¼ CT
score of 0.26e0.50; Group 4 ¼ CT score of 0.51e0.75; Group 5 ¼ CT score of 0.75e1.00.
Results: The CD4þ and CD8þ lymphocyte counts decreased with the degree of the attenuation and the extent of the lesions on HRCT
(P < 0.001), whereas the CRP levels increased with the degree of the attenuation and the extent of the lesions (P < 0.001).
Conclusions: The HRCT findings correlated with the CD4þ and CD8þ lymphocyte counts and the CRP level in the peripheral blood of patients
in the initial stage of influenza infections.
© 2016 Beijing You’an Hospital affiliated to Capital Medical University. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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A new strain of novel swine-origin influenza A (H1N1) was
first recognized in early 2009 and resulted in a worldwide
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course, some patients may experience a serious acute respi-
ratory illness, such as pneumonia and respiratory distress,
occasionally requiring mechanical ventilation and potentially
progressing to death [2e5].
Compared with chest radiography, CT scans provide more
precise information about the extent and distribution of the
disease. Most patients who have novel influenza A will have a
normal chest radiograph or CT examination, or they will
demonstrate ground-glass opacity (GGO), which is frequently
seen in viral pneumonia [6,7]. However, an increasing number
of patients undergo CT, particularly high-resolution CT
(HRCT), when there is strong clinical suspicion of pneumonia
in the presence of normal or questionable radiographic find-
ings. The predominant abnormal pulmonary CT findings in
patients with H1N1 infection are ground-glass opacities, areas. Production and hosting by Elsevier B.V. This is an open access article under
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and areas of consolidation [8,9]. The abnormalities are
frequently bilateral and may have a peripheral subpleural and
peribronchovascular distribution [8,10].
The drop in lymphocyte counts is a general phenomenon
seen in humans early after infection. Knowledge of the im-
mune responses associated with severe H1N1 pneumonia may
help clinicians identify patients and provide appropriate
management. There have been few reports on the immune
responses of patients with H1N1 A infections [11,12]. CD4þ
cells act as direct effectors in protecting against the influenza
A virus and may contribute to immunopathology and generate
functionally distinct memory subsets [13,14]. CD8þ T cells
are important in the antiviral response to the influenza A virus
via direct lysis or via the induction of inflammatory cytokines
[15,16].
Pulmonary H1N1 infections can present with a wide variety
of CT patterns, none of which is specific to the diagnosis.
Clinical and laboratory data and the presence of HRCT im-
aging seen in H1N1 infections can help to produce the correct
diagnosis and to assess the severity of the disease. The purpose
of the present study is to investigate the relationship between
HRCT findings in patients with new influenza infections and
immunological parameters in the peripheral blood.
2. Materials and methods
Our study was retrospective and based on register data.
Therefore, the approval of the institutional review board was
waived according to instructions of our hospital ethical com-
mittee. Between May 2009 and January 2010, our institution
saw 288 patients who fulfilled the clinical criteria for H1N1
influenza infection established by the National Centers for
Disease Control and Prevention. All patients were confirmed
as having a novel influenza A viral infection by using a real-
time polymerase chain reaction. All patients were evaluated
for other respiratory viral infections, and some patients un-
derwent additional microbiological evaluation for bacterial
and fungal infections. Cases of H1N1 with superimposed
bacterial pneumonia or viral infections were excluded using
clinical and laboratory criteria. Of these patients, 173 adult
patients underwent HRCT and were evaluated for CD4þ and
CD8þ T lymphocyte counts and C-reactive protein (CRP) on
the same day, which was 1e7 d after the onset of symptoms.
The patients included 110 men and 63 women (aged 18e78
years, with a mean age of 32 years). To avoid unnecessary
radiation exposure, HRCT was performed when patients had
clinical evidence of pneumonia but chest radiography was
insufficient for evaluation and diagnosis.
The CT scans were performed on a 16-slice Siemens CT
scanner (Somatom Sensation 16, Erlangen, Germany) using
the volumetric technique with no contrast enhancement. Spiral
scans were obtained with the same scanner and the following
parameters: 110 mAs, 120 kVp, 0.75-mm collimations, 1 mm
slice, and a high-spatial-frequency reconstruction algorithm.
All images were reviewed on a picture archiving and
communication system workstation. The images wereobtained with both mediastinal (width 350e450 HU; level
20e40 HU) and parenchymal (width 1200e1600 HU; level
500 to700 HU) window settings. Two experienced radi-
ologists with thoracic imaging experience of 12 years and 22
years reviewed the HRCT scans independently and reached a
decision on the final interpretations by consensus.
According to the predominant HRCT findings, we created
the following three groups: Group A ¼ normal attenuation,
Group B ¼ ground-glass opacity (GGO), Group
C ¼ consolidation with or without GGO. On the scans, nod-
ules, lymphadenpathy (defined as a lymph node 1 cm in short-
axis diameter), and pleural effusion were also noted.
The extent of disease in the HRCTwas also evaluated using
the HRCT scoring method [17]. The lung was evaluated by
lobe (i.e., RU: right upper lobe, RM: right middle lobe, RL:
right lower lobe, LU: left upper lobe and LL: left lower lobe).
Each lobe was divided into two sections, a peripheral and a
central part, the central part of the lobe was defined as the
anatomical half of the lobe closest to the hilus, whereas the
peripheral part of the lobe was defined as the outer half of the
lobe around the central part of the lobe (Fig. 1). The central
and peripheral lobes were each given a score of 1, 0 if changes
were present, absent, respectively. Each lobe was evaluated for
the extent of lesions. To calculate the score for the lungs, the
number of positive scores (that is number of score of 1) was
obtained. For example, a score of 3 in a double lung corre-
sponds to 3/10 ¼ 0.3. The mean value of the scores from the
two observers was used in this study. According to the extent
of lung lesions, we created the following five groups: group 1
(CT score ¼ 0), group 2 (CT score ¼ 0.1e0.25), group
3¼ (CT score ¼ 0.26e0.50), group 4 (CT
score ¼ 0.51e0.75), and group 5 (CT score ¼ 0.76e1.00).
All statistical analyses were performed using the SPSS
View 16.0 software (SPSS, Chicago, IL). Means, standard
deviations and frequencies were calculated. The quantitative
data were compared using the Scheffe method for post hoc
comparisons only when the results of the one-way analysis of
variance were significant at a level of P < 0.05.
3. Results
Of all 173 patients, based on the attenuation of lesions
according to the HRCT, 83 patients were classified as group A,
36 patients were classified as group B (Fig. 2), and 54 patients
were grouped in group C (Fig. 3). As shown in Table 1, the
statistical analysis revealed that CD4þ, CD8þ and CRP levels
correlated with the degree of attenuation of the lesions on the
HRCT (P < 0.001), but the CD4/CD8 ratio did not correlate
with the degree of attenuation of the lesions (P > 0.05). The
CD4þ lymphocyte counts in group C were significantly lower
than in group A (P < 0.05), but there was no significant dif-
ference compared to group B. The CD8þ lymphocyte counts
of group C were lower than those of group A (P < 0.05), but
there was no significant difference in CD8þ lymphocyte
counts between group C and group B. In addition, the CRP
level of group C was higher than the levels in group A or
group B (P < 0.05). Centrilobular nodules were only noted in
Fig. 1. The flow chart of the HRCT scoring method. RU: right upper lobe, RM: right middle lobe, RL: right lower lobe, LU: left upper lobe and LL: left lower lobe,
OL: outer half of the lobe around the central part of the lobe, CL: central part of the lobe.
Fig. 2. A 36-year-old woman with H1N1 pneumonia. The HRCT image shows
patchy GGO in the lower left lung (CT score of 0.1). The right lung is normal.
Fig. 3. A 31-year-old man with H1N1 pneumonia. The HRCT image shows
segmental consolidations in the left upper lung (CT score of 0.2), with an air
bronchogram. The right lung is normal.
Table 1
The peripheral blood immunological parameters by the attenuation level of lesion
Group A (n ¼ 83) Group B (n ¼ 36) Grou
CD4þ (/mL) 493.6 ± 21.9 396.0 ± 30.6 315.4
CD8þ (/mL) 386.7 ± 21.2 318.3 ± 26.3 251.1
CD4þ/CD8þ 1.4 ± 0.1 1.4 ± 0.1 1.3
CRP (mg/L) 13.4 ± 1.0 20.5 ± 3.4 62.9
The data are presented as the mean ± S.D. CRP¼C-reactive protein.
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7 patients from group C. Axillary and mediastinal lymph-
adenopathy were noted in a total of 5 patients.
Patients were classified three groups based on the HRCT
scoring, 83 patients were classified as group 1, 33 patients
were classified as group 2, 23 patients were grouped in group
3, 21 patients were classified as group 4 (Fig. 4), and 13 pa-
tients were classified as group 5 (Fig. 5). As shown in Table 2,
the statistical analysis revealed that the CD4þ, CD8þ and CRP
levels correlated with the degree of lesion distribution on the
HRCT (p < 0.001). The CD4þ lymphocyte counts in group 5
were significantly lower compared to groups 1, 2 or 3
(P < 0.05). There were significant differences in the CD4þ
lymphocyte counts between group 4 and group 1 (P < 0.05).
The CD8þ lymphocyte count of group 5 was lower than that of
group 1 and group 2 (P < 0.05), and group 4 had a lower count
than group 1 (P < 0.05). The level of CRP in group 5 was
higher than in group 1 and group 2 (P < 0.05), and group 4 had
a higher level than group 1 and group 2 (P < 0.05). There was
a significant difference between the CRP levels of group 3 and
those of group 1 (P < 0.05). There were no significant dif-
ferences in the CD4þ/CD8þ ratios of groups 1, 2, 3, 4 and 5
(P > 0.05).
4. Discussion
The HRCT shows the extent of pulmonary lesions and as-
sesses damage in the initial detection of influenza A, and
findings of the HRCT scan determine the degree of infec-
tiousness of patients with influenza A. However, the rela-
tionship between the density and the extent of the lesions ofs in HRCT.
p C (n ¼ 54) PAB PBC PAC PABC
± 27.3 0.048 0.166 <0.001 <0.001
± 20.8 0.148 0.205 <0.001 <0.001
± 0.1 0.866 0.759 0.314 0.314
± 9.7 0.694 <0.001 <0.001 <0.001
Fig. 4. A 40-year-old man with H1N1 pneumonia. (A) The HRCT image shows extensive consolidations in both lower lobes and a focal consolidation in the left
upper lobe. (B) HRCT exhibits consolidations in the right middle lobe and both lower lobes. (CT score of 0.6).
Fig. 5. A 58-year-old man with H1N1 pneumonia. (A) HRCT exhibits consolidations and GGOs in both upper lobes. (B) HRCT shows diffuse bilateral con-
solidations and GGOs in middle and lower lobes. (CT score of 0.9).
Table 2
The peripheral blood immunological parameters by the extent of the lesions in HRCT.
Group 1 (n ¼ 83) Group 2 (n ¼ 33) Group 3 (n ¼ 23) Group 4 (n ¼ 21) Group 5 (n ¼ 13) P
CD4þ (/mL) 493.6 ± 21.9 406.7 ± 32.5 395.5 ± 40.5 313.9 ± 42.1 167.6 ± 32.0 <0.001
CD8þ (/mL) 386.7 ± 21.2 324.2 ± 28.0 316.5 ± 34.6 250.7 ± 27.6 136.3 ± 20.5 <0.001
CD4þ/CD8þ 1.4 ± 0.1 1.4 ± 0.1 1.3 ± 0.1 1.3 ± 0.1 1.3 ± 0.1 0.654
CRP (mg/L) 13.4 ± 1.0 20.8 ± 3.7 44.5 ± 8.7 60.9 ± 15.1 88.1 ± 28.4 <0.001
The data are presented as the mean ± S.D. CRP¼C-reactive protein.
There were significant differences between the CD4þ levels of group 5 and groups 1, 2 and 3, P < 0.05. There were significant differences between the CD4þ level
of group 4 and the level of group 1, P < 0.05.
There was a significant difference in CD8þ between group 5 and groups 1 and 2, P < 0.05. There was a significant difference in CD8þ between group 4 and group
1, P < 0.05.
There was a significant difference in CRP between group 5 and groups 1 and 2, P < 0.05. There was a significant difference in CRP between group 4 and groups 1
and 2, P < 0.05.
There was a significant difference in CRP between group 3 and group 1, P < 0.05.
There were no significant differences in the CD4þ/CD8þ ratio among groups 1, 2, 3, 4 and 5.
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peripheral blood has not, to the best of our knowledge, been
investigated. The present study found that the levels of CD4þ
and CD8þ T cells decreased and the CRP level increased with
the degree of attenuation and the extent of lesions in the acute
phase of influenza A infection.
In the study, we compared the different pulmonary CT
findings of influenza A patients with clinical manifestations of
different severities. The initial HRCT imaging in all patients
revealed normal performance in 83/173 patients, GGO in 36/
173 patients, and consolidation with or without GGO in 54/
173 patients, consistent with the results of previous studies[18e22]. Yuan et al. reported that 40.5% (66/163) of patients
with mild influenza infections had normal performances, and
36.1% (33/97) showed GGO [18]. Several studies reported that
most influenza A pneumonia patients had unilateral or bilat-
eral distribution consolidation associated with GGO or
consolidation [8,9,20]. The HRCT findings were correlated
with the severity of disease.
In our study, as the condition of the lungs progressed from
normal to GGO and consolidations, the number of CD4þ and
CD8þ T cells decreased and the CRP level increased. The same
changes were observed associated with the progression from
normal to focal and diffuse distribution: a statistically significant
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cant increase in the CRP level. The result suggested that
impaired cellular immune function may be one of the immu-
nological characteristics of the disease andmay be related to the
degree of disease. The H1N1 virus is capable of inhibiting
cellular immune function and is most likely related to the in-
duction of excessive apoptosis of lymphocytes. Mozdzanowska
et al. found that patients infected with the influenza Avirus had
decreased CD4þ T lymphocytes [23]. Mackemie et al. found
that mice infected with influenza A showed decreased CD8þ T
lymphocytes counts and that CD8þ T lymphocytes play an
important role in inhibiting influenza A virus replication and in
reducing the severity of the disease [24]. The elevated CRP
suggests that influenza viral infection caused a change in the
acute inflammatory response in vivo. The level increased more
in the severe patients than in the mild patients, the severe pa-
tients had a stronger inflammation reaction. In addition, the
main pathological feature ofH1N1 infection consisted of diffuse
alveolar damage with hyaline membrane formation, which is
associated with various degrees of pulmonary edema, hemor-
rhage, inflammatory exudate and bronchiolitis [25]. The path-
ogenesis of membrane damage is complex and related to both
the release of inflammatory cytokines and the aberrant immune
response mediated by the CD8þ T and B lymphocytes [26]. It
produces a peculiar pathological and initial HRCT pattern.
Because it correlates with HRCT findings, the GGO reflected
alveolar septal thickening, whether or not it was associated with
partial airspace filling. The areas of consolidation corresponded
to alveoli filled with edema fluid, inflammatory exudate or
hemorrhagy. The patients who present with consolidations on
HRCT scans have more severe laboratory data than those who
present with GGO [9]. Most of the patients with consolidations
have elevated lactate dehydrogenase levels and an oxygen
saturation level in room air 88% [26]. In our study, the 54
patients who presented with consolidations on HRCT scans had
lower levels of CD4þ and CD8þT lymphocytes and higher CRP
levels.
HRCT findings of peripheral scattered areas of consolida-
tion or ground-glass opacities are not specific for influenza
pneumonia. These findings often overlap with those of other
viral infections, bacterial, fungal, or mycobacterial infection.
Thus, imaging findings are often nonspecific for an infection
agent and the differential diagnosis is important to avoid the
interpretation of the results [9]. However, imaging findings are
most useful in the context of clinical symptoms, contact his-
tory, and laboratory results. In our study, all patients included
fulfill the criteria established by the Centers for Disease
Control and Prevention for confirmed H1N1 cases, which are
influenzalike illness and positive findings for influenza A
(H1N1) virus on reverse transcriptase polymerase chain re-
action. Cases of H1N1 with superimposed other viral in-
fections and bacterial pneumonia were excluded using clinical
and laboratory criteria.
There were some limitations to our study. First, the mea-
surements of the peripheral immunological parameters and the
HRCT scans were conducted within 24 h of admission. Thenumber of CD4þ and CD8þ T lymphocytes may differ and the
HRCT findings may change according to the amount of time
elapsed since the influenza infection. We could not monitor the
relationship between the HRCT findings and the immuno-
logical parameters until they recovered to the normal range.
Second, no information on the relationship between CT and
histopathology could be obtained because none of the patients
underwent a lung biopsy or an autopsy.
HRCT showed abnormal lung damage in real time, and it is
useful for accurately determining the degree of lung lesions, as
well as the site of damage in the lung parenchyma. In addition,
the CD4þ and CD8þ T lymphocytes and the CRP level
correlate well with the degree of infectiousness indicated on
the HRCT of the influenza patient during the initial phase of
infection. It is essential to further explore the relationship
between peripheral blood immunological parameters and the
attenuation and extent of legions shown on HRCT to improve
the diagnosis of initial influenza infections and the staging of
the disease, especially in severe cases.
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